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Description 

Rflrkynunri of the Invention 

[0001] The irwenbon rotates to a deformans tube. 
[0002] ft is known from US patent specifications Noa. 
3.353.599 and 5,014.779 to Insert a comjoalad tobe 
into tie wefbore of an underground borehole and to 
expand the tub* ctownho*© mto a tubular shape. 
[0003] US patent spectfcation No 5.366.012 dis- 
closes the expansion of a slotted pipe of which the slots 
open up as a result of the expansion so as to reduce the 
radial forces needed to expand the pipe. 
[0004] The use of slotted or Inrtialy comjgaled pipes 
has toe disadvantage fed the expanded pipes have a 
Kmfted mechanical strength. 
[DOOS] IntemeooniJpatemappi^ 
WO 9&00626 discloses the expansion of an unstated 
cyfindrical pipe by means of an expansion mandrel. 
[0006] A olsaoVajTtagec* toe latter expansion 
is toat torces to expand the pipe are relatively Ngh and 
thai the pipe contracts as a resutt of the expansion proc- 
ess. 

[0007] It is an obiectof the present invention to aHevi- 
ate the Disadvantages of the Known techniques and to 
provide a robust and defbrmable tube which can be 
expanded or otherwise deformed by ustog a relatively 
low deformation force. 

SumrT^otthetnvenaon 

[0008] The deformabie tube accordinQ to the invention 

thereto comprises a wal which is at least party formed 

by a nunxwdtubuk* wherein at least or* 

least partly deformed in response to deformation of the 

tube. 

[0009] Trie deformation may involve fattening or otfier 

change of the tubular shape of the tubutes. which 

requires princrpaly bending forces which are signfV 

cantty lower than the tension forces that are required to 

expand a tubular cylindrical pipe. 

[0010] It may be required to obtain a tube which can 

be deformed easily in an axial or in a radial direction or 

in boto ejections. A rarfalydetorn^ 

the tube is for example to be used as an oi anoVbrgas 

rxoductkxit^ngwt*^ 

narrow and Irregularly shaped underground welbore. 
An axiafy deformabie tobe is useful rf the tixbe is a pro- 
duction finer or tubing, a well casing or other well tubUar 
which is Installed in a contacting reservoir where there 
is a risk of bucking of the wel tubulars as a result of the 
compaction process 

[0011] rl a nKiaBy deformabie tube is requiredrt is pre- 
ferred that the wall of toe tube is at least party formed 
by a series of axial tubules which each extend in a direc- 
tion substantially parallel to a tongitucfnal axis of the 
tube such that upon a racial deformation of the tube the 
axial tubules are at least party deformed. 



[0012] If an axtafly deformabie tube is required it is 
preferred toatthewalloftoetiiwisatteast partly 
formed by a series of toroidal tubutes which extend in a 
substantially drcular direction around a lontftucfinal axis 
5 of the tube such that upon axial deformation of tie tube 
the toroidal tubdes are ai least partly flattened or other - 
wise deformed. 

[0013] If a tube * required which is both axiafiy and 
radiaty deformabie. it is preferred that the wal of the 

io tube is at least party formed by one or more helcat 
tubules which extend in a substantialy helical direction 
witi respect to a tongituoinaJ axis of the tube such that 
uxxi deformation of the tube in a Direction which is ori- 
ented at an angle relative to a fongituolnal direction of 

i5 each of tie helical tubules, at least one of toe hefical 
tubules is deformed. 

[0014] The tubules may be made of a metal, plastic, 
rubber or other material and may be welded, brazed, 
bonded or otherwise secured to aojacerrt tubules or 

to other parts of toe wall of the tube. 

[0015] The tubules may before expansion have a 
folded, cyfindrical. ettptica! or prismatic shape and may 
as a result of the expansion be unfolded orflattened into 
an eflirjbcal. cyiiridrical or prismatic shape. 

?s [0016] Suitably, the tubules contain at the outer 
periphery of the tobe openings or weak spots which 
open up as a resurt of the o^formation process such that 
one or more fluids are squeezed from the interior of the 
tubules into the space surrounoSng (he tube. 

so [001 7] In that case the fluids that are squeezed from 
the rterior of the tubules may contain one or more 
chemicals, such as a chemical treatment fluid or com- 
ponents of a liquid cement slurry or component s of a 
curing agent which components are only mixed when 

as or after toey have been squeezed out of the Ufcutes. 

&irfd«cnYx^olftedm^ 

[0018] The invention wil be described in more detail 
40 and by way of example with reference to the accompa- 
nyirg drawings, in which 

Rg. 1 is a cross-axial sectional view of a tube both 
before and after expansion, which tube has a wafi 
45 that is made of a series of axial tubules which are 
cyfindrical before expansion and Miotics! after 
expansion; 

Rg. 2 is a a<x»-axia! sectional view of a tubeboto 
before and after expansion, which tube has a wal 

so that ccjmprises a series of axial tubules which are 
prismatic before expansion and ell'sXical after 
expansion; 

Rg. 3 is a cross-axial sectional view of a tube both 
before and after expansion, which tube has a wan 
55 that is made of a series of axial tubules which are 
elfipbcal boto before and after txpansion ; 
Rg. 4 is a cross-axial sectional view of a tube 
before expansion where the wall of the tube com- 
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prises a series of axial tubules and to hi* « 
folded into a cUx&rtiafly flat shape before H is 
unfolded and expanded; 

Pig. 5 is a longftudnaJ sectional view of a tube 
which comprises a wal that is made of a series of 
toroidal tutxies; 

Fig 6 is an eniargedcteteS showing the cyfndrical 
shape of three of the kxoidal tubules that are enor- 
dedinFig.5; 

Fig. 7 is a tongituSnal sectional view of the tube of 
Fig 5 after axial corrsxession of the tube; 
Fig 8 is an enlarged dotal shewing he ellipfcal 
shape of three of the toroidal tubules that are enco- 
ded In Fig. 7; 

Fn. 9 is a crossHuoal sectional view of a radially 
npendabie tobe corrprising six axial or helical 
tubules both before and after expansion of the tube; 
Fig. lolsacrtKa-ejtWsai^onalvlewdao 
panded tube of which tt>e wal comprises a series of 
folded tubules which unfold into a cySridricai stiape 
durtog the process of expanding the tube; 
Fg. 11 Is a cross-axial sectional view of another 
unexpended tube conf iguration where the wafl com- 
prises a series of folded tubes which unfold into ■ 
cylindrical shape during the process of expanding 
the tube ; and 

Fg. 12 is a crc**axial sectional view ol an unex- 
panded tube which folds open during the expansion 
process and which conprises a tubule which acts 
as a plastic hinge and which is Rattened as a resutt 
of tie expansion process. 



Qejala J flascf ipft?n n the inventiori 

(0019] Referring r**tofia 1ther.fr 
in a cylndrlcal wefcote or other cavity 2, 
toawaBthat*r«^t*rfaseri^ 
which are subsiantelry cylindrical before expansion of 
the tube 1 and eiiptical after expansion cf the tube 1 to 
an enlarged diameter, as illustrated by reference 
numeral 3B. 

10020] The tube 1 can be expanded by an expansion 
mandrel (not shown) or by increasing the by*aulic 
pressure * tie irterior 4 of the lube 1. As a resutt of the 
expansion process the tubules 3 are subject to a bend- 
tag process so that relatively low forces arere**eo\ 
10021] H the tubulee 3 are made of Bteel or another 
metal twn I is preferred that the tubutes 3 are sintered, 
welded or brazed together along the length of the areas 
5wrieretr»tubiJles3toixheachother. 
10022] Htrw tubules 3 have an inperm 
the tube l is used ternporaii ily in *>e cavity 2. tor exam- 
pletoprcA^aterrporei7seal.mentrvetube1 can be 
radially extracted again by cornping a high pressure 
fluid into the interiors 6 ol the tubutes 3. which wi 
induce the flattened tubules 3B to resumt their tubular 
sriape, so that the tube 1 radial shrinks end can be eas- 
ily removed from the cavity 2. 



(0023] If the tube 1 is to be used permanently in the 
cavity 2. tor example H the tube 1 '« tobe used as a wefl 
casing, then at least some of the tubules 3 maybe fled 
with Squid ccrnponerts of a cement slurry or other cur- 
3 rig agent such as a silicone gel and tie outer waflof 
these tubules may contain openings 7. or weak spots 
which are opened as a resutt of the expansion process, 
via which said 6quW components are scueezed intothe 
wounding annular space 8 sunourx^ ihe expanded 
10 tube 1 and the Squid corr^xxierrts maupandcuretoa 
hardened cement siicone or other cured sealing com- 
position. 

10024] Fig. 2 iustrates an attentive ernbaiiment of 
the deformable tube accorcSng to the Inventtorv Tnis 
,s tube 9 e also radially oetor matte and comprises a 
series of tubules 10 which are prismatic before expan- 
Bjon and efllpacal after expansion, as ■uatratad by refer- 
ence numeral 10B. 

P)025] The tubules 1 0 are arranged cubstanfcafly par- 
to alei to the lorxtfudinal axis 11 at the cer*e o* irw t*» 

9 The tubules 10 are made of steel or another metal 
and are connected to each other by Ic^gHudinaj welded, 
brazed or sintered bonds 11. 
(00261 Fia 3 erx^ yet ai>c<her errt^ 
25 deformable tube accord^ to the invention. In which the 
tube 12 is nrfaflydetormatole and comprises a series of 
tubules 1 3 which are elliptical before and which have an 
eliptical, almost flattened shape after radial expansion 
of the tube 12. _^ 
so 10027] In this errtxrfment the tubules 13 detormtrom 
a first enseal shape, illustrated by ref erence numeral 
13A in which the largest width of the effiptical tubules 
13A has a racial orientation into a second effipticai 
shape, Hlusfreted by reference numeral 13B in which tie 
35 largest width of the elliptical tixJes 13Ar« a tangen- 
tial orlertation. 

P0283 Referring now to Fg. 4 there * «hcwn « 
deformable tube 14 which comprises a series of axial 
tubules 15, wherein two pairs of tubules at opposite 
40 ades of the tube 14 are Intercormected * ptartc 
hinges 16 Tnese ptestic Nnges 16 alow the tube 14 to 
be stored and transported in a flattened shape e.g. 
around a reeling drum (not shown). 
[0029] When tie tube 14 is then unreeled from the 
45 reeing drum it can be brought into a cylndrical shape 
by a guide fume! (not shown). I the tube 14 Is tobe 
used Inside a wet or Inside another ejbutar thecyfindrl- 
cai tube 1 4 is then reel ed into the wettoore ortwrterior 
dtieothertAxiar and expanded tor 
so irxj a Ngh pleasure fluWIr^ 



J0030] The inrtjalty flattened tube corrfiguraSon shown 
in Fig. 4 allows an easy storage and transport of the 
tube 14 eg. on a small diameter reeling drum, during 
56 tie nWactuing stage and ^ *™ 
rranutacturing site to the site where the U>e 14* to be 



[0031] Figures 5. 6, 7 and 8 show yet another embod- 
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intent of the deformable tube Becoming to the invention 
in whfch the tubutes 18A» B have a toroidal shape in 
order to maka the tube 19 axiaJry detormaJWe. 
[0032] The tube 19 shown in Fig. 5 can be a produc- 
tion liner in e compacting ofl or gas bearing formation, s 
where as shown in detal in Fig. 6 the toroidal tubules 
18A have a sutetm^ycyflndrica] shape In the config- 
uration shown in Rg. 7 the tube 19 has axialry con- 
tracted so that its iwigth is 18% shorter than Its original 
length shown in Fg. 5. 10 
[0033] As a result of tie axial contraction of the fci>e 
19 the tubules 188 shown in Fig. 7 have been deformed 
into an elptical shape, as * shown r> more detal in Fkj. 
8. 

[0034] Referring now to Rg. 9 there is shown a tube ts 

fly. 

[0035] The tube 20 has a wail that corrprtees six 
tubules 23. 24. 25. 26. 27 and 28 which extend in an 
axial or helical ccrtiguration relative to the fortfudinaJ *> 
axis 29 of the t4>e20. 

[0036] Adjacent tubules 23. 24, 25. 26. 27 and 28 are 
interconnected along tie* length by elongate welds 32. 
Plastic hinges 22 are located in the wails of the tubules 
23-28 at both sjdes of each weld 32. & 
[00371 The unexpended tube 20 is shown at fie cen- 
tre of the drawing. The six unexpended tubules 23-28 
each have the form oftpis sector and only a minor gap 

30 is present between adjacent tubules 23-28. To 
expand the tube 20 a pressurized fluid is pumped into so 
the gaps 30 which wS induce the tube 20 to expand until 
the wails of the tubules 23-28 are stretched and/or the 
outer waJte of the tubules 23B-28B are pressed against 
theweUbore21. 

[00081 The vdume-et'iaert tube corfiguration shown * 
in Rg. 9 Is attractive I tie tube 20 is to be inserted Into 
the wefeore 21 via a narrow excess, such as a small 
diameter production tubing. Funhennore the internal 
volume of the uiexpanded tubules 23-28 Is relatively 
large whereas the internal volume of the expended 40 
tubules 23B-28B is relatively small so that H the walls at 
the outer circumf erence of the tubules 23-28 are perfo- 
rated or become during expansion otherwise fluid per- 
meabie a relatively targe volume of fluids is squeezed 
from the interior of the tubules 23-28 iiito the surround- 45 
tng annutus anoVor forrnation. 
[0039] InthiEwayareialrverylangevoiLxnecyasealng 
agent and/or treatment fluid can be injected into the 
annul us surrouncfcng the tube 20 and/or the formation 

31 surrounding the wefcore 21. 50 
[0040] The externally permeable tube 20 is very suit- 
able to infect teaiment fluids into an underground for- 
mation 31 which comprises along the length of the 
wefcore 21 layers of varying permeabiity If the outer 
wafcof the tubules 23-28 have a op^firanlly lower f kid « 
permeability than the surrounding formation 27. then. 

as soon as the outer waR of the tubules 22B-26B is 
pressed against the weilbore 21. a relatively constant 



fkix of treatment fluid wtl be squeezed into the various 
surrounding formation layers so that the risk of injection 
of teatment fluid mainly into the permeable tarnation 
layers and by-passing of less permeable layers is mini- 
mized 

[0041] ft* the tube 20 is used ts a treatment fluid injec- 
tion tod then the outer wafts of the tubules 23-28 may 
be made of a permeable rubber and/or a fabric and Ihe 
inner waits of the tubules 23-28 which face the interior 
30 of the tube 30 may be made of an impermeable rub- 
ber. After injection of tie treatment fluids the pressure In 
tie interior 30 of the tobe 20 may be reduced so that the 
tube 20 raoSalfy contracts and can be removed from the 
borehole 

[0042] Instead ofalowing the tube 20 to contract after 
fluids have been injected into the torrnation the tube 20 
may be allowed to harden to the expanded position 
against tie weflbore 21 by topre g nat toq the fabric or 
other material with a sburty curing •poxy or other ptastic 
cornpositio n , so that the eoiioTied tube 20 then serves 
as a weft finer. 

[0043] The tube 20 and the tube confgura*or*srwwn 
in figs. 1 -4 may also have walls that are made ofasieve 
material. In that case the tube may be expanded by an 
expansion cone or by a balloon that i6 inflated in the 
interior of the tube. 

[0044] Since the sieve material that then forms the 
walls of tubules is mainly bent and not or hardly 
stretched the sieve opening size will remain tarty con- 
stant during the expansion process. The expanded tube 
of sieve material then serves as a titer that prevents 
sand and other solid materials to enter the weflbore 21 
[0045] The radialy expandable tube 20 and the other 
naclaOy exp en dable tube conf igurations shown In Figs. 
1^4 may also be marie of tubules 23-28 which are made 
of a fluid impermeable material, such as steel which 
only deforms if the pressure si the irrterior30of tieeAe 
exceeds a pre-eet level. In that case the tube may be 
instated as a production tubing which serves as a 
ctownhde blow-out preventer which expands and seals 
of the annufus surrounding the production eixrig if a 
blow-out occurs. The racially expandable tube configu- 
ration shown in Fig. 9 can also be used as a dril string. 
In that case dritfing mud is pumped tvough the interior 
of the tubules 23A-28A during driling. At the end of a 
driBrig cycle hlgti pressure fluid is Injected into tie Inte- 
rior 30 of the tube 20 so that tie tube 20 is expended 
against the borehole wall 21 and forms a fining of the 
wertoore and the drii bit and ctownhoie rnotor assembly 
ts puled to tie surface by e wireline or colled tubing 
passng through the interior 30 ol the tube 20 and also 
serves as an expansion cone. 
[0046] H only minor expansion of tie tube is reoured 
then the waf 1 of tie tube may be provided with only one 
or a few axial or heficaJ tubules. 
[0047] if the waisof the tube 20 or tie other radiaHy 
expandable ccvtigtirations are made of a rubber or 
other elastically deformable material then the expanded 
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tube may serve as a high expansion packer or bridge 
plug. 

[0048] K w« be understood thtf Httetub^ 
errtedhanaxiaJoVectonara^^ 
be obtained. » the tubules ere oriented in a circumferen- 
tial cfrecrjon as shown In Rgs. 5-6 then an axiafly 
detormabie tube wfl be obtained. 
[0049] If the tubules are oriented in a helical direction 
the tube will be deferrable both in axial and racial 
directions and the pitch angle of the hefcal configura- 
tion of the tubules wU then Wiience the degree in 
which the tube * axialry or racfiairy detormabte. 
[00501 Rg. 1 0 shows a coialguration where a tube »0 
comprises a wafl that consists of a series of axial tolda- 
bteUxieG 41. 

[0051] if the tubules 41 are made of steel then tiey 
are Interconnected tide by tide along their length by 
axial welds 42. Each iixie 41 comprises at tie outer 
circumference of the lube 40 a single plastic hinge 43 
and at tie toner drcumfecence of the tube 40 a set of 
tour plastic htnges 44, 45. 46 and 47. Each of these 
plastic hhgee 43-47 is formed by machining an axial 
groove in the inner and/or outer surface of the waJ of the 
tubute41. 

[0052] The set of four plastic hinges 44-47 defines a 
wafl segment where the tubules 41 can be folded 
inwardly to form a U- or delta-shaped recess 48 that 
faces the Interior 49 of the tube 40. 
[0053] The tube 40 is expanded by purnphg a pressu- 
rized fluid into the imeriors 50 of the tubutes 41 which 
causes the tubules to untoti by rwigiog about the pJastc 
hinges 4347 so fiat the tubUes 41 each obtain a cylin- 
drical shape (not shown). 

[0054] Asaresunoftwtirto»cingc*metubutes41th^ 
tube 40 obtains ■ larger externa! and internal cfameter. 
[0065] Rg. 11 shows another tube 51 which com- 
prises a wan that consists of a series of axial tokfabe 

tubules 52. 

[0056] If the tubutes 52 are made of steel then they 
are interconnected side by side along their length by 
axial watts 53. Each tubule 52 comprises both at the 
outer and the inner ditajmference of the tube 51 a set of 
four plastic Nnges 54 that are formed by machining 
axial grooves in the inner and/or outer surface of the 
wait of each tubule 52. 

[00571 Each set of tour fjlastfcrwiQes 54o^ 
segment where the tubules 52 can be folded Inwardly to 
form a U- or defta-sftaped recess 55 that faces either 
the exterior 56 or the interior 57 of the tube 51 . 
[0058) The tube 51 Is expended by pumping a pressu- 
rized fluid into the interiors 58 of the tubutes 51 which 
causes the tubutes 52 to unfold by hinging about the 
plastic Nnges 54 so that the tubules each obtaina evin- 
ce shape (not shown). 

[0059] As a result of the unfolding of the sixmos the 
tube 51 obtains a larger external and internal diameter. 
[0060] Fig. 12 shows a toWabte tube 60 which com- 
prises at its lower side a single plastic hinge that is 



formed by an axial tubule 61 and at its upper side a set 
of tour plastic hinges 62 thai are formed by madiinrng 
axiaJ grooves in the outer or inner surface of the wall of 
the tube 6a 

5 [0061] The four plastic hinges 62 define a delta- 
shaped recess 63 at the upper side of the tube 60. when 
tie tube is in its folded shape. 
[0062] The tube 60 is unfolded by romping a pressu- 
rized HukJirito the intsnVy 64 tf^ 
io fr* tube to unfold in the direction of the arrows into the 
ctfindjfcal shape which is iPustrated by the broken ines 
60A The tubule 61 then acts as a plastic hinge and 
obtains as a result of the unfolding of the tube 60 the 
eliptic&l shape which te illustrated by broken ines 61 A. 
is [0063] Thetubute61 is made d a ptestcalfy deforrn- 
able material, such as a tormabie Np^stength tow- 
aloy a dual phase steel grade, which also provides 
ftextottyto»wtube61 ctajn^ertiaJ rjrecto dur- 
ing the unfoWng procedure. After the unfolding prcce- 
20 dure a curing agent may be pumped into the interior 65 
of the eJfpticaj tubule 61 A to reinforce the aixie 61 A. 
The imerior65ofthetubule61 may comprise electrical 
and/or hydrauic conduits tor transmission of etectnc 
and/or hydraulic power and/or signals along the length 
zs ofthetuba 

[0064] The embodiments of the deformable tube 
shown ri the drawings provide a tube which can be 
deformed easily and which can be reeled on a reeing 
drum. The tube can be unreeled from the drum and 
so injected into an underground borehole or other cavity in 
which the tube is to be used. The tube is subsequently 
deformed inskde the borehole or other cavity by chang- 
rig the tubular shape of one or more tubules in the wail 
of the tube. The deformation may involve nattering. 
55 unfotfng or other deformation of the tubute or tubules. 



Claims 

1. a deformabfe tube having a wall which is at least 
40 pertly formed by a number of tubutes. *t>erein at 

least one tubule is at least partly deformed in 
response to deformation of the tube. 

2. The deformabfe tube of daiml. wherein the we* of 
45 the tube is at least partly formed by a series of axial 

tubules which each extend In a direction substan- 
tially parallel to a tontfturJnal axis of the tube such 
tad upon a radial deformation of the tube the axial 
tubules are at least party deformed. 

so 

3. The o^maWe tube of daiml. wherein the walof 
the tube is at least partly formed by a series of toroi- 
dal tubules which extend in a substantialy circular 
rJrectJon around a longitudinal axis d tie mi>e such 

65 that upon axial deformaSon of the tube the toroidal 
tubules are at least partly deformed. 

4. The detormable tube of daiml. wherein the walof 
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the tube is at least party formed by one or more 
heBcaJ tubules which extend in a substantially heft- 
ed direction with respect to a kxvtuomaJ axis of 
the tube such mat upon deformation of the tube ina 
direction which rs oriented at an ang>e relative to a 5 
longtturfnaJ duecbon of each of the helical tubules, 
at least one of the hefical tubutes is at toast party 
deformed. 

5. The deformans tube of daim 1. wherein the wallof 10 
the tube is at least party formed by a number of 
substantially paraleJ tubules which are arranged 
side by side and are connected to each other. 

e. The deformaUe lube of claim 5. wherein the »« 
tubules are made of metal and the sides cfapairof 
adJacert*JtoUesstf)6tantla^ 
are sintered, welded, spot welded, brazed, banded, 
or otherwise secured to each other. 

20 

7. The defarmable tube of claim 5. wherein the 
tubules are made of a plastic or eiastoroeric mate- 
ria) or a fabric and the sides of aolacent tubules 
substantially touch each other and are bonded to 
each other. 25 

a The deformable tube of daim 1, wherein before 
defomiatiwofthetL^ttetu^ 
tfaly cylindrical shape and deform into a substan- 
tialy eirptical or flattened shape in response to so 
deforrnatfonof the tube. 

9. The deformable tube oi daim 1. wherein before 
deformation of the tube the tubutes have a sutostan- 
tialy prismatic shape and deform into a subetarv 35 
tialy flattened shape in response to deformation of 
the tube. 

10. The deformable tube of claim 1. wherein the 
tOxies contain at the outer periphery of the tube 40 
openings or weak spots which open up as a result 

of the deformation process such that one or more 
fluids are squeezed from the interior of the tubules 
into *e space surrounding the *i>e. 

45 

11. The oeformable tube of daim 1 0, wherein the fluids 
that are squeezed from the interior of the tubules 
coma* one or more chemicals, such as compo- 
nents of a liquid cement slurry, componei is of a 
curing agent or a (^annical treatment 1ttd so 
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Fig.3. 
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Fig.9. 
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